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Abstract

Background: In patients with atrial fibrillation (AF), the impact of liver disease
(LD) on oral anticoagulant (OAC) prescription and outcomes remains unclear, as
well as possible differences between European and Asian populations.

Aim: To examine the impact of LD on OAC prescriptions and risks of adverse
outcomes in a large cohort of European and Asian AF patients.

Methods: AF patients were derived from two large observational registries held
in Europe and Asia. OAC prescription and risk of outcomes were analysed accord-
ing to LD at baseline. The primary outcome was the composite of all-cause death
and major adverse cardiovascular events (MACEs). Logistic regression assessed
associations with OAC prescription, and Cox regression analyses evaluated risks
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of outcomes. Interaction analyses were performed between European and Asian
patients.

Results: Among 15,681 patients (mean age 68.4+10.7years; 37.1% female), 517
(3.3%) had LD. The OAC prescription rate was similar among European and
Asian individuals (6.8% vs. 82.9%, p=.113). After adjustments, LD was associ-
ated with lower OAC prescription (OR .67, 95% CI .53-.84), with a greater reduc-
tion in European than in Asian patients (p;,;=.015). LD was associated with a
higher risk of the composite outcome (HR 1.42, 95% CI 1.11-1.81) and MACEs
(HR 1.47, 95% CI 1.07-2.02), with no significant European versus Asian differ-
ences (pj,;=.631). Among LD patients, those not prescribed OAC had a higher
MACE risk compared with those prescribed OAC (p;,=.050), with no differences
in major bleeding.

Conclusions: In AF, LD is associated with reduced OAC prescription, especially
in Europe, and a higher risk of adverse outcomes, particularly in patients not
receiving OAC, with no significant differences between European and Asian

cohorts.

KEYWORDS

1 | INTRODUCTION

Liver disease (LD) is a major global health issue and is re-
sponsible for more than 1 million deaths every year,' with
an impact on healthcare resources use and mortality pro-
jected to triple by 2030.% Similarly, atrial fibrillation (AF) is
associated with significant morbidity and mortality, as well
as hospitalisations and healthcare costs.>* LD patients are
at increased risk of developing AF, independently of other
traditional risk factors.”® Therefore, the increasing num-
ber of patients with both diseases will require a holistic ap-
proach to optimisation of their management.

Among AF patients, oral anticoagulation (OAC) is
recommended by guidelines with a preference for non-
vitamin K antagonist oral anticoagulants (NOACs) over
vitamin K antagonists (VKAs).”® However, in past years,
undertreatment with OAC therapy has been described in
patients with concomitant LD.? The exclusion of patients
with LD from the clinical trials for the approval of NOACs
and the fear of a higher risk of bleeding events may in part
explain these findings.

Available data suggest that LD is a condition charac-
terized by both an increased risk of thromboembolic and
bleeding events,'* thus possibly modulating the risk of
outcomes in AF patients. However, how LD may influence
the clinical history of AF patients across different coun-
tries and ethnicities remains not entirely understood.

Therefore, we conducted this analysis to investigate the
impact of LD on the prescription of OAC and the risks of

atrial fibrillation, liver disease, oral anticoagulation, outcomes

adverse outcomes in a large cohort of European and Asian
AF patients, while also examining possible differences be-
tween ethnicities.

2 | METHODS
2.1 | Study design and cohort

We studied AF patients enrolled in two large prospective
observational registries held in Europe and Asia. Details
on the studies design, baseline characteristics, and pri-
mary results have been previously published.'"? Briefly,
both registries enrolled consecutive patients with an
ECG-documented episode of AF in the 12months before
inclusion. All patients were >18years old and provided
informed consent.

For the European registry, patients were enrolled in 250
participating centres across 27 countries. The enrolment
was performed between October 2013 and September
2016, with a 2-year follow-up until September 2018. The
study protocol was approved for each country and for each
enrolling site by the National Coordinators’ main institu-
tions. The study was performed according to the European
Union Note for Guidance on Good Clinical Practice CPMP/
ECH/135/95 and the Declaration of Helsinki.

The Asian registry enrolled patients in 52 centres
across five countries. It was established in late 2015 and
patients were enrolled until early 2017, with a 1-year
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follow-up observation. The study protocol was approved
by each institution's local ethics committee. The use of a
shared study design, identical inclusion criteria, and the
same electronic case report form (eCRF) across the two
registries ensured a high level of methodological consis-
tency. This approach minimized potential sources of bias
related to patient selection, variable definition and data
collection.

On this basis, the two datasets were merged to allow
comparative analyses between European and Asian AF
populations. Merging the databases enabled the evalua-
tion of potential interactions between geographical region
(Europe vs. Asia) and clinical management strategies or
outcomes, as previously reported in other studies from
the same registries.”* > As this was a prospective obser-
vational registry-based analysis, no formal a priori sam-
ple size or power calculation was performed; the study
population was defined by consecutive patient enrolment
during the prespecified study periods.

For this analysis, we included AF patients with avail-
able data on the history of LD.

LD was identified by investigators at site level at the
time of enrolment, based on clinical evaluation and re-
view of available medical records. The diagnosis of LD
was established according to routine clinical practice,
considering a documented history of chronic LD, includ-
ing chronic viral hepatitis, nonalcoholic or alcoholic liver
disease, autoimmune liver disorders or other causes of
chronic hepatic dysfunction. Evidence supporting the di-
agnosis could include previous physician-reported diag-
noses, imaging or clinical findings consistent with chronic
LD or cirrhosis or persistently abnormal liver function
tests suggestive of chronic hepatic impairment.

This assessment was performed by any physician in-
volved in the patient's care. No standardized diagnostic
criteria, centralized adjudication, or systematic collec-
tion of data regarding liver disease aetiology, stage, or
severity were implemented in the study protocol. For
the purpose of the present analysis, patients were cat-
egorized into two groups: (i) ‘No Liver Disease’ and (ii)
‘Liver Disease’.

2.2 | Pharmacological treatments
At baseline, data regarding pharmacological treatment
at discharge/after consultation were collected by the in-
vestigator. We compared the prescription of several phar-
macological treatments for patients with and without a
diagnosis of LD.

Pharmacological treatments evaluated in this analy-
sis were as follows: (i) OAC therapy (VKAs or NOACs);

(ii) NOACs versus VKAs; (iii) class IC antiarrhythmic
drugs (AADs [defined as treatment with Flecainide or
Propafenone]); class III AADs (defined as treatment
with Amiodarone or Dronedarone or Sotalol); Any AADs
(defined as class IC or III AADs); (vi) Beta-blockers;
(vii) Nondihydropyridines calcium channel blockers
(Non-DHP CCB [defined as therapy with Diltiazem or
Verapamil)); (viii) Digoxin; (ix) Any rate control therapy
(defined as treatment with Beta-blocker or Non-DHP
CCB or Digoxin). We also evaluated possible differences
in the prescription of such therapies between the two
registries.

2.3 | Follow-up and adverse outcomes

As per the original studies design, patients enrolled in
the European registry were followed up for 2years, while
those in the Asian registry for 1year. Occurrence of major
adverse events was collected by the investigators during
observation. Adverse events considered were as follows: (i)
All-cause death; (ii) Cardiovascular (CV) death; (iii) Any
acute coronary syndrome (ACS); (iv) any thromboembolic
(TE) events (defined as a composite of stroke, transient is-
chemic attack [TIA] and peripheral embolism); (v) Major
Bleeding (defined as a composite of intracranial or extrac-
ranial major bleeding).

For this analysis, our primary endpoint was a compos-
ite outcome of all-cause death, any ACS and any TE. As
secondary endpoints, we evaluated: (i) All-cause death;
(ii) a composite endpoint of major adverse cardiovascu-
lar events (MACESs) (defined as CV-death, any ACS or any
TE); (iii) major bleeding. We also compared the differen-
tial risk of adverse outcomes in the two registries, accord-
ing to the use of OAC, and for NOACs versus VKAs users.

2.4 | Statistical analysis

Continuous variables are reported as median and inter-
quartile range (IQR). Comparison between groups has
been performed using the Kruskal-Wallis test or the
Mann-Whitney U test as appropriate. Categorical varia-
bles are reported as counts and percentages and compared
using the chi-square test or the Fisher's exact t-test (if ex-
pected cell count was less than 5).

Multivariable logistic regressions were used to eval-
uate the probability of prescription of pharmacological
treatments according to the presence of LD. Interaction
models were used to compare the results among the two
registries. Results are reported as Odds Ratio (OR) with
95% Confidence Interval (CI).
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TABLE 1 Baseline characteristics of patients with and without liver disease.
No liver disease N=15,164 (96.7%) Liver disease N=517 (3.3%) p
Age (years) (median [IQR]) 70.00 [62.00, 77.00] 69.00 [62.00, 75.00] .068
Female, n (%) 5879 (38.8) 192 (37.1) 482
BMI (median [IQR]) 26.70 [24.00, 30.10] 26.40 [23.50, 29.40] .049
Cardiovascular diseases
Hypertension, n (%) 9271 (61.6) 327 (63.9) .324
Diabetes mellitus, 7 (%) 3459 (23.0) 175 (34.2) <.001
Dyslipidemia, n (%) 5838 (39.8) 249 (49.7) <.001
Coronary artery disease, n (%) 3774 (26.1) 140 (29.0) 159
Heart Failure, n (%) 5027 (33.4) 258 (51.1) <.001
Previous TE events, n (%) 1714 (11.4) 69 (13.5) 157
Peripheral vascular disease, n (%) 885 (5.9) 48 (9.6) .001
Comorbidities
CKD, n (%) 1621 (10.7) 106 (20.7) <.001
CrCl CG (median [IQR]) 71.54 [52.78, 93.06] 66.28 [48.72, 87.57] .003
Malignancy (current+prior), n (%) 1136 (7.5) 51(10.1) .040
Previous hemorrhagic events, n (%) 880 (5.9) 45(8.9) .006
Anaemia, 1 (%) 863 (5.7) 72 (14.0) <.001
AF type, n (%)
First diagnosed 2011 (13.4) 55(10.8) <.001
Paroxysmal 4658 (31.1) 126 (24.7)
Persistent 3101 (20.7) 98 (19.2)
Long-standing persistent 894 (6.0) 36 (7.1)
Permanent 4303 (28.7) 195 (38.2)
CHA,DS,-VASc (median [IQR]) 3.00 [2.00, 4.00] 3.00 [2.00, 5.00] <.001
HAS-BLED (median [IQR]) 1.00 [1.00, 2.00] 3.00 [2.00, 3.00] <.001
EHRA score 34, n (%) 2331 (15.4) 101 (19.5) 012

Note: Bold values indicate the p values that were significant.

Abbreviations: CG, Cockcroft-Gault; CKD, chronic kidney disease; CrCl, creatinine clearance; IQR, interquartile range; TE, thromboembolic events.

Cumulative survival curves for each endpoint among
the two groups were plotted using Kaplan-Meier curves
and tested for difference with the log-rank test. Cox regres-
sions were used to investigate the relationship between
LD and adverse outcomes. We performed a multivari-
able analysis adjusting the model for: age, gender, type
of AF, CHA,DS,-VASc score (HAS-BLED score for major
bleeding), EHRA score and any OAC therapy. Interaction
analyses were used to investigate the effect of LD on mod-
ulating the risk of adverse outcomes in the prespecified
subgroups. The multivariable models were not adjusted
for LD severity or liver function since these data were not
systematically collected.

Results are reported as Hazard Ratio (HR) with 95%
Confidence Interval (CI). A two-sided p-value <.05 was
considered statistically significant. All analyses were
performed using R 4.0.3 (R Core Team 2020, Vienna,
Austria).

3 | RESULTS

Among the 15,762 AF patients available after merging the
two datasets, 15,681 (99.5%) (mean age 68.4, SD 10.7 years;
37.1% female) had complete data regarding LD and were
included in the analysis. Among these individuals, 517
(3.3%) had a reported diagnosis of LD.

Table 1 shows the baseline characteristics of the two
cohorts. Overall, AF patients with LD were more likely
to have permanent AF, be symptomatic, and have higher
thromboembolic and bleeding risks, with a higher preva-
lence of several concomitant conditions.

Table S1 presents the baseline characteristics of pa-
tients with LD from the two registries. Compared to their
European counterparts, Asian AF patients with LD were
older, had a higher percentage of paroxysmal AF, and were
less symptomatic, with a lower burden of coronary artery
disease and heart failure. Similar thromboembolic and
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FIGURE 1 (A) Percentage of patients with LD prescribed with OAC and distribution of VKA and NOAC therapy in the overall
population. (B) Probability of prescription of OAC and NOAC versus VKA in the overall population and in the two registries. Association

between liver disease and oral anticoagulant prescription. Squares represent the point estimates expressed as odds ratios, and horizontal

lines indicate 95% confidence intervals. NOAC, non-vitamin K oral anticoagulant; OAC, oral anticoagulant; VKA, vitamin K anticoagulant.

bleeding risks were observed among LD patients across
both registries.

3.1 | Pharmacological treatments

Patients with LD were less prescribed an OAC therapy
(84.3% vs. 79.3%, p=.003, Table S2); among them, 54.9%
were prescribed a VKA and 45.1% a NOAC (Figure 1). They
were treated less often with NOAC and AADs and more
frequently prescribed rate control treatments (Table S2).
In the multivariate logistic regression, LD was associated
with a lower prescription of OAC (OR .67, 95% CI .53-.84
[Figure 1]) and Any AADs (OR .79, 95% CI .62-.99)
(Figure S1). LD patients were more likely to be prescribed
Digoxin (OR 1.81, 95% CI 1.45-2.25) (Figure S1), whereas
no significant differences were found for other rate con-
trol drugs considered in the analysis.

Table S3 shows the pharmacological management of
patients with LD in the two registries. European and Asian
patients with LD had similar OAC therapy prescription
(76.8% vs. 82.9%, p=.113). Asian patients were less likely to
be prescribed AADs (25.1% vs. 13.4%, p=.002) and had any
rate control therapy (80.9% vs. 69.6%, p=.005). After adjust-
ments, a significant interaction effect was found between LD
and registries on modulating the probability of prescription
of OAC (p;,=.015): in particular, European patients had
a lower likelihood of being prescribed OAC (OR .54, 95%

TABLE 2 Outcome of the study according to liver disease.

No liver disease  Liver disease
N=15,164 N=517 P
Primary endpoint
Composite 1628 (12.2) 71 (15.8) .028
outcome, n (%)
Secondary endpoint
All-cause 1062 (7.6) 45 (9.6) 117
death, n (%)
MACEs, n (%) 1009 (7.4) 47 (10.1) 1032
Any major 248 (1.8) 15(3.3) .030

bleeding, n (%)

Note: Bold values indicate the p values that were significant.

Abbreviation: MACE, major adverse cardiovascular events.

CI .40-.71) compared to Asian patients (OR .95, 95% CI .66-
1.39). No significant interaction effect was found between
LD and the prescription of NOACs vs. VKAs (Figure 1).

Figure S1 shows the association between LD and
other pharmacological treatments in the two registries.
There was a significant interaction effect between LD
and the registries on the prescription of class III AADs
and Digoxin. In particular, Asian patients with LD
had a lower probability of being prescribed a class III
AAD. (p;,,=.030) and Digoxin compared to Europeans
(pint=-008) (Figure S1).
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3.2 | Follow-up and adverse outcomes
After a median follow-up of 690days [IQR 365-735], a
total of 1699 patients met the primary endpoint of the
study. AF patients with LD had a higher rate of events for
composite outcome, MACEs and major bleeding (Table 2).
Survival curves for the primary endpoint of the study are
reported in Figure 2 (see Figure S2 for the secondary end-
points). The results show a significantly higher incidence
of events for individuals with LD (Log-rank Mantel-Cox
p<.001).

The results of Cox regression in the overall population
are reported in Figure 3. After adjustments, AF patients
with LD showed a higher risk of the primary endpoint (HR
1.42, 95% CI 1.11-1.81). Regarding the secondary explor-
atory outcomes, we found a higher risk of MACEs (HR
1.47, 95% CI 1.07-2.02), while no significant differences
were observed for all-cause death and major bleeding
events.

Comparing the two registries, Asian patients with LD
showed a lower percentage of events for all outcomes eval-
uated, except for major bleeding (Table S4).

After adjustments for possible confounders in the Cox
regression analysis, no significant interaction effect was
found between LD and the registries, that is, there were
no significant ethnic (i.e., European vs. Asian) differences
(Figure 3).

Liver Disease == No =— Yes

1.01
2
= 0.9
Qo
©
g3
o
o 0.81
_g Log-rank
> =0.00031
go7{ P
(2]

0.6

0 180 360 540 720
Time(days)

Number at risk

= 13100 12519 10557 7701 5650
= | 446 418 340 201 145
0 180 360 540 720

FIGURE 2 Kaplan-Meier curves for the Primary endpoint of
the study, stratified by Liver disease status. Numbers at risk are
shown below the plot. The corresponding adjusted hazard ratio is
reported in Figure 3.

3.3 | Comparison of OAC management
Outcome of patients according to OAC therapy are re-
ported in Table S5. LD patients not treated with OAC
showed a higher percentage of events for the composite
outcome and MACEs (p=.003 and <.001, respectively).
No differences were found for all-cause death and major
bleeding (p=.340 and p=.774, respectively).

After adjustments, the interaction analysis did not re-
veal a significant interaction effect between LD and OAC
therapy on the modulation of the primary endpoint risk of
the study (p=.178, [Figure 3]). Regarding the secondary
exploratory outcomes, we found a significant interaction
effect for the occurrence of MACEs (p;,,=.050): in par-
ticular, patients with LD not treated with OAC showed
a higher risk of the MACEs [HR 1.87, 95% CI 1.15-3.02]
compared to patients treated with OAC [HR .99, 95%
CI .67-1.46]. No significant interaction effect was evident
for the remaining secondary endpoints.

Table S6 shows the percentages of adverse outcomes
in the population taking NOACs versus VKAs, show-
ing no difference between the two populations. These
results were also confirmed at the interaction analysis
(Figure S3).

4 | DISCUSSION

In this analysis comparing two large prospective European
and Asian AF registries, our main results are as follows: (i)
in AF patients, LD increase the risk of a composite out-
come of all-cause death, any TE and any ACS, as well as
the risk of MACESs, with no difference between European
and Asian AF patients; (ii) LD had a significant impact
on pharmacological treatment, causing a possible under-
treatment for OAC therapy, with different trends among
the two registries; and (iii) among LD patients with AF,
OAC therapy did not increase the risk of bleeding and
may have an effect on reducing MACEs, with no differ-
ences comparing NOACs versus VKAs.

To our knowledge, this is the first study reporting
and comparing the association between LD and cardio-
vascular outcomes in two real-world large cohorts of
European and Asian AF patients. Not surprisingly, LD
patients were found to be at higher risk of adverse clin-
ical events. Indeed, these results are consistent with the
previous literature. In the general population, LD has
been previously found to be associated with a higher
risk of major cardiovascular events.'®!” Decreased en-
dogenous anticoagulants and high levels of circulating
procoagulants in patients with LD have been associated
with an increased thrombotic risk.'® Similarly, the liver
synthesizes most of the coagulation factors, exposing
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FIGURE 3 Multivariable Cox regression analyses for primary and secondary outcomes, with interaction by registry and oral

anticoagulant use. (A) Overall population; (B) In the two registries; (C) OAC versus No OAC.

patients with a compromised liver function to a higher
risk of bleeding.18 Hence, patients with LD, irrespective
of the presence of AF, exhibit an imbalance between
thrombotic and bleeding risks, which can alternatively
exceed one at a time, the so-called ‘coagulopathy of
chronic liver disease’.!° Indeed, in a large Italian cohort
of AF patients, those with LD were both at a signifi-
cantly higher risk of thromboembolic and major bleed-
ing events.'”* In our study, patients with LD showed a
higher incidence of major bleeding events, which was
not confirmed after adjustments for possible confound-
ers and covariates. Nevertheless, residual confounding
related to unmeasured factors such as liver function
parameters, nutritional status or concomitant medica-
tions cannot be excluded and may have influenced the
observed associations.

Etiologies of LD differ among European and Asian in-
dividuals.* In particular, in Asia, higher prevalence rates
of viral hepatitis and lower levels of alcohol and metabolic
LD are reported.”* Comparing the cohorts of patients from
our two registries, we found that Asian patients had a
lower incidence of adverse outcomes. However, after tak-
ing account for important covariates, we found that LD
did not have a different impact on the risk of cardiovascu-
lar events in patients from the two registries. These results
suggest that, although the etiologies behind the LD may
differ, the final common step of liver dysfunction resulting
in an unbalanced control of thrombotic pathways in AF
patients is detrimental in a similar way among individuals
from both Europe and Asia.

Prior observations suggest that, even though patients
with LD have a high-risk thrombotic profile, ‘liver impair-
ment’ may be associated with undertreatment with OAC
therapy in AF patients.” Our analysis further confirms
these findings. This trend may have several explanations.

First, as previously mentioned, LD patients are exposed
to a higher risk of bleeding, and therefore, the decision
to prescribe an OAC may be more challenging for many
clinicians. Second, an optimal target for INR in LD in-
dividuals has not been validated (the standard target is
2.0-3.0). Moreover, LD patients have been found to have
lower time in therapeutic range, thus limiting the use of
VKAs in such recipients.”*** Third, patients with LD were
substantially excluded from the four RCTs that validated
the use of NOACS, and these drugs are contraindicated
in case of a severe liver impairment (Child-Pugh C for
Apixaban, Edoxaban and Dabigatran, Child-Pugh B for
Rivaroxaban).?*

Not surprisingly, the trend of underprescribing OAC
therapy was particularly evident in European patients.
The fact that the European registry began the enrolment
in 2013, 2years earlier than the Asian one, may be one of
the explanations and may possibly influence the results
of our analysis. Indeed, one very recent paper described
how in US patients with cirrhosis from 2012 to 2019, the
prescription of OAC increased from 39.4% to 49.0%, with
decreasing use of VKAs and increasing use of NOACs.*

So, why has the use of OAC therapy increased in LD
patients in recent years? As previously mentioned, one of
the main concerns was the higher risk of bleeding associ-
ated with these patients. In recent years, our understand-
ing of the issue has consistently improved, thanks to data
derived from observational studies and meta-analysis. In
an article by Kuo et al.*® published in 2017 and held in
Taiwan, in AF patients with LD at high risk of bleeding,
there was no significant difference in intracranial bleed-
ing in OAC-treated patients (HR 1.27, 95% CI .82-1.95),
with a reduction in stroke risk (HR .76, 95% CI .58-.99).
Similarly, in a meta-analysis published in 2019, the use
of anticoagulation was not significantly associated with
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a higher risk of bleeding (HR 1.45, 95% CI .96-2.17), but
it significantly reduced the risk of stroke (HR .58, 95%
CI .35-.96).%” However, both these studies were conducted
in an Asian prevalent population.

Consistent with the previous literature, our cohort
study showed that OAC therapy did not increase the risk
of major bleeding and may have a role in reducing the risk
of MACEs. These findings may have significant clinical
correlations: in fact, they suggest that OAC therapy may
be beneficial for patients with LD, helping to reduce the
high thrombotic pattern without a significant detrimental
effect in terms of bleeding. Therefore, clinicians should
not limit the prescription of OAC therapy among AF pa-
tients with LD when it is not clearly contraindicated.

Lastly, we showed that LD also significantly influences
the management of symptoms in AF patients. Better
symptom control with rhythm or rate control strategy is
one of the cornerstones of the evidence-based Atrial fibril-
lation Better Care (ABC) pathway** ! which is proposed
as a tool to streamline the application of an integrated care
approach in AF patients, together with the overall need of
optimizing the long-term management of LD.

Many AADs are metabolized in the liver and their
dose may require some adjustment in the presence of LD.
Moreover, Amiodarone and Dronedarone may be them-
selves causes of liver toxicity.32 Therefore, it is not surpris-
ing that we found that LD patients were less prescribed
AADs. This trend was particularly true for Asian pa-
tients. As a matter of fact, the most feared complication of
Amiodarone therapy is pulmonary toxicity. This compli-
cation was estimated to affect 2% of patients treated with
Amiodarone in the follow up.33 However, Yamada et al.
found a higher cumulative incidence of 10.6% at Syears in
a Japanese population.*

Similarly, LD influenced the prescription of Digoxin in
AF patients, maybe because this drug has a renal preva-
lent metabolism. Again, we found a significant interaction
effect between LD disease and the registries. Indeed, the
lower probability of being prescribed digoxin for Asian pa-
tients may have several explanations. First, a recent study
reported that digoxin was associated with a higher risk of
a composite outcome of all-cause death and thromboem-
bolism [OR: 1.71; 95% CI: 1.32-2.22] in an AF cohort of
elderly Chinese patients.3 > Second, extensive use of herbal
drugs in Asia may contribute to influencing the prescrip-
tion of this drug.*®

Overall, our findings highlight the detrimental role of
LD in a contemporary cohort of European and Asian pa-
tients. OAC therapy, including both NOACs and VKAs, in
the setting of LD appears to be safe and confers beneficial
effects in terms of reducing the high thrombotic burden in
these patients. However, the proportion of patients with
LD in our cohort was relatively low, and no information

on LD severity was available. Therefore, caution is war-
ranted when extrapolating these findings to the overall AF
population, particularly to patients with advanced or de-
compensated liver disease, who may be underrepresented
in our study.

4.1 | Study limitations

Our study has some limitations that should be acknowl-
edged. Our data are derived from retrospective registries
and, given the observational nature of our analysis, pos-
sible bias may be present in the interpretation of our
findings. Furthermore, no formal a priori sample size
calculation was performed, and the study population was
determined by consecutive patient enrolment rather than
by predefined power assumptions. Second, although mul-
tivariate analyses were performed to adjust for measured
confounders, residual confounding remains possible due
to the observational nature of the study. In particular,
detailed information on liver function parameters, nutri-
tional status and concomitant medications was not sys-
tematically collected and could not be accounted for in the
analyses, potentially influencing the results of the analysis.
Given the overall number of LD patients in our cohort, we
may have reduced power to evaluate differences between
groups. The secondary endpoint assessed in our analysis
should be interpreted with caution and regarded as ex-
ploratory and hypothesis-generating in nature. In addition,
the relatively low proportion of patients with LD and the
absence of predefined diagnostic algorithms or centralized
adjudication, and the lack of information on disease sever-
ity limit the generalizability of our findings, particularly to
patients with advanced or decompensated LD.

Our cohorts of patients are representative of those re-
cruited from European and Asian countries; therefore,
the results observed may not be entirely representative
of the overall AF population. Moreover, we acknowledge
that the differences found between the two registries may
be related to the registries themselves, rather than being
completely driven by specific ethnic differences in clinical
epidemiology’’ and AF-related complications.*® Although
the two registries had different follow-up durations, the
use of time-to-event analyses (Kaplan-Meier and Cox re-
gression models) allowed appropriate handling of variable
follow-up through censoring; however, the shorter fol-
low-up in the Asian registry may have limited the number
of observed events for some outcomes.

Lastly, data on time in therapeutic range and NOAC
dosing were incomplete and therefore not included in
the analyses to avoid potential bias, while information on
anticoagulant plasma concentration monitoring was not
available.
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5 | CONCLUSIONS

In this large contemporary cohort of European and Asian
AF patients, the presence of LD was associated with a
higher risk of adverse clinical outcomes. Among others,
the presence of LD in AF is associated with a lower pre-
scription rate of OAC, particularly among European pa-
tients. OAC therapy was not associated with a higher risk
of bleeding, while a potential benefit may exist regarding
the reduction of MACEs.
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